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By Hiroshi INAMURA,*) Takahiko KATO,**) and Masanori KUROKAWA**) (Comm. by Yushi UCHIMURA, M. J. A., Nov. 12, 1968) Nuclei capable of protein synthesis have been isolated from various types of animal and plant cells.l),4)-6),10),12),13) Characterization of protein synthesis in mammalian cell nuclei has been carried out mainly in the calf thymusl)'4) and in the liver.lo),12), 13> It has previously been shown that neuronal and glial nuclei differ in their ability to synthesize NAD and polyribonucleotides.8)'9> The present paper deals with some characteristics of protein synthesis in cerebral nuclei, and it will be reported that neuronal nuclei synthesize the protein much more actively than the glial cell and liver nuclei.
Materials and methods. The cerebral nuclei were isolated from the guinea-pig cerebral cortex as previously described.7) The Hitachi BPS 40 rotor was replaced by the RPS 25, which enabled handling of as much as 50-60 g of tissue in a single run. The nuclear sample in which the population of neuronal nuclei averages 51 % is expressed herein as P51. This is the equivalent sample described as P4II in our previous papers; again, the P3 sample is the equivalent of the p5•7),9) The P3 sample consists almost exclusively of oligodendroglial nuclei. Highly purified liver nuclei were isolated by the identical procedure for obtaining the P51 sample from the cerebral grey matter. Recovery of liver nuclei on a DNA basis was found to be 65%.
The standard assay medium for 14C-L-amino acid incorporation studies (1.0 ml) contained (final concentrations) sodium phosphate buffer, pH 7.0, 25 mM ; glucose, 20 mM ; MgCl2, 5 mM ; NaCI, 20 mM ; 14C-L-lysine , 7.02 ACM (1.5 pCi) ; and also approximately 20x 106 nuclei.
The final concentration of sucrose in the medium was adjusted to 200 mM.
After incubation at 37° for 60 minutes, the reaction was stopped by adding 1.0 ml of 10% (w/v) cold TCA.
The precipitate was washed with five 10 ml portions of 5 % (w/v) cold TCA, digested in 5 ml of 5 % (w/v) TCA at 950 for 20 miitutes, and centrifuged.
The precipitate was then washed with 10 ml of 95% ethanol, two 10 ml portions of ethanol-ether-chloroform (2 :2 :1), and finally with 10 ml of ether (cf. reference 1). The final precipitate was dispersed homogenously is a small volume of 2 N ammonium solution, quantitatively collected in a planchette, and dried.
The radioactivity was determined with a low background gas flow counter, MR 40, Nitto-Denshi.
Protein was determined according to Lowry et al.,11) with bovine serum albumin as a standard.
The number of nuclei per unit volume was counted in unstained nuclear suspensions by use of a BurkerTurk haemocytometer.
Results. The Optimal Condition for the Reaction. The rate of incorporation of several 14C-amino acids into cerebral nuclei (P51) ( Fig. 1) , as well as into hepatic nuclei, proceeds linearly up to at least 120 minutes of incubation ; no lag phase is observed.
The pH optimum is at 7.0 (Fig. 2) . When the pH of the medium is raised higher than 7.4, cerebral, but not hepatic, nuclei form an aggregate. In phosphate buffer, the amino acid incorporation into nuclei is 2.5 times more active than in Tris-HC1 or imidazole-HC1 buffer.
In both cerebral and hepatic nuclear suspensions, Na+ stimulates the incorporation only slightly, maximal stimulation of about 10% being observed at 60 mM. This is in contrast with the calf thymus nuclei where the stimulative effect of Na+ is apparent.') Moreover, higher concentration of Na+ is found to be inhibitory, the rate of incorporation in the presence of 600 mM Na+ being only 23% of that in the absence of Nat. Incorporation is slightly enhanced, up to about 10%, When a large excess of L-lysine (final concentration, 1 mM) is added during the incubation, further incorporation of 14C-L-lysine becomes insignificant ; the radioactivity of 14C-L-lysine that has already been incorporated at the time of cold lysine addition can be demonstrated to be unchanged during the subsequent 60 minute incubation (Fig. 3) , indicating that the incorporation of radioactivity into the precipitate (see Materials and methods) is not due to exchange reactions or a mere absorption. Puromycin (100 pg/ml) inhibits the incorporotion (Table I) , showing that protein synthesis does really occur under the present experimental conditions. DNase and RNase suppress the incorporation only to a limited extent (Table  I) . When nuclei are completely disintegrated by sonication, the protein synthesis is reduced to 60% of the control level.
Results of the digestion experiments of the reaction product by proteases are summarized in Fig. 4 . First, the reaction was stopped by the addition of 9 ml of ice-cold 0.32 M sucrose, and the precipitate was collected after centrifugation in the cold. The precipitate was then washed twice with the buffer solution used for respective proteases as indicated below, and suspended in 1 ml of the same buffer. For trypsin, a-chymotrypsin or prozyme, the precipitates were suspended in 50 mM Tris-HC1 buffer, pH 8.0, and each of the proteases was added so as to give a concentration of 200 pg/ml. For pepsin (200 pg/ml) was used 100 mM glycine-HC1 buffer, pH 2.2. The respective tubes were then incubated at 370 for 40 minutes. The reaction was stopped by immersing the tubes in an ice-bath, and radioactivity of the digest was divided into three portions.
(1) Dialysable portion : The digest was dialyzed overnight against distilled water at 4°. The dialysable portion was the difference between the total radioactivity incorporated and that remaining in the cellophane bag after dialysis.
(2) Soluble-undialysable portion : The contents of the bag after dialysis was centrifuged at 1,000 g for 15 minutes, and the radioactivity remaining in the supernatant was taken as the soluble- [Vol. 44, undialysable portion. (3) Insoluble portion ; This was the radioactivity sedimented after the above centrifugation.
As is shown in Fig. 4 , percentages of these three portions differ among the cerebral (P51) and liver nuclei, which suggests the structural differences of the synthesized protein between these types of nuclei.
Protein synthesis in isolated nu.. clei. The rate of protein synthesis does not proceed proportionally to the number of nuclei in the reaction medium (Fig. 5) . The rate per nucleus in P51 is definitely higher than in P3 and liver nuclei (Fig. 5) , indicating that neuronal nuclei synthesize protein much more actively than glial and liver nuclei.
Comments. The possibility that the protein synthesis observed in the isolated nuclei is due to a small amount of cytoplasmic ribosomes inevitably adherant to the nuclear membrane is ruled out by the lack of effect of the ATP-generating system and also by a very limited effect of RNase (Table I) on the incorporation system. Inhibition by DNase of the protein synthesis in cerebral and liver nuclei (Table I) is not so marked as was reported in thymus nuclei.') Also, protein synthesis in nuclei isolated from tobacco-cell cultures was reported to be affected little by DNase.6~ It seems therefore that the extent of dependence on DNA of the nuclear protein synthesis differs among these various cell types.
It has been reported that DNA participates in intranuclear protein synthesis through the energy generating system, and also that some other polyanions replace DNA.2>,3) Accordingly, the degree of preservation of polyanions and the energy generating system in isolated nuclei may be relevant to the variant effect of DNase on protein synthesis.
In preliminary experiments, it is observed that cyanide and mono-iodoacetate strongly inhibit the protein synthesis under the present experimental conditions, suggesting the involvement of an energy yielding process in nuclear protein synthesis.
The difference in the stimulating effects of Na+ on protein synthesis in thymus nuclei,' as compared to cerebral and liver nuclei (see above), may also be attributable to the differences in cell types or in preservation of intranuclear Nat; in plant cell nuclei, Nay was reported to have only a limited activating effect.6F 
